The treatment of tuberculous meningitis is frequently hindered by the formation of exudate within the cerebrospinal spaces. This exudate may obstruct the cerebrospinal circulation and give rise to the complications of subtentorial, basal cistern, and spinal block. Furthermore, the presence of exudate predisposes to the occurrence of tuberculous arteritis, which is responsible for the cerebral and spinal cord softenings frequently found in this disease (1-4).
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(Submitted for publication February 8, 1954; accepted May 26, 1954) The treatment of tuberculous meningitis is frequently hindered by the formation of exudate within the cerebrospinal spaces. This exudate may obstruct the cerebrospinal circulation and give rise to the complications of subtentorial, basal cistern, and spinal block. Furthermore, the presence of exudate predisposes to the occurrence of tuberculous arteritis, which is responsible for the cerebral and spinal cord softenings frequently found in this disease (1) (2) (3) (4) . Cathie (5) introduced the use of intrathecal streptokinase to prevent the formation of, and to remove exudate. It was hoped that the use of this agent would reduce the incidence of complications, render chemotherapy more effective, and lessen the likelihood of relapse. Clinical trials in tuberculous meningitis with streptokinase have yielded contradictory results (6) (7) (8) (9) . The majority of investigators believe that its value remains unproven.
Streptokinase has no intrinsic proteolytic properties, but activates a precurser plasminogen to form a proteolytic enzyme plasmin, the action of which may be inhibited by body fluids (10) . Streptokinase was used in the treatment of pleural infections by Tillett and Sherry (11) , who showed that clinical response was dependent upon the demonstration of adequate fibrinolytic activity in these fluids. Investigators interested in intrathecal treatment have relied upon clinical response to assess the adequacy of the dose, and have for the most part employed a dose of 100 Christensen units (600 Cathie units) of streptokinase for intrathecal use.
The development of methods for the measurement of the various components of the plasminogen-plasmin system in biological fluids (12) led Fletcher (13) to determine the composition of the cerebrospinal fluid with respect to these compo- 1 Present address: Dept. of Medicine, New York University-Bellevue Medical Center, New York 16, N. Y. nents in normal persons, and in patients suffering from tuberculous meningitis. He showed that although the addition of streptokinase in sufficient quantity to cerebrospinal.fluid in tuberculous meningitis would always produce fibrinolytic activity in the fluid, the concentration required was sometimes greater than could be administered to patients for fear of toxic reactions. Moreover, the administration of relatively large doses of streptokinase, shown to be adequate by in vitro testing, frequently failed to produce any free fibrinolytic activity in vivo. The evidence indicated that the irritant action of high concentrations of streptokinase on the meninges was sufficient to alter the composition of the cerebrospinal fluid, and to inhibit fibrinolytic activity. Fletcher concluded that the intrathecal administration of streptokinase was only of limited benefit in tuberculous meningitis, and that its use required close laboratory control.
Hamburger and Biehl (14) using rhesus monkeys have demonstrated that the irritant effects of intrathecal streptokinase produced a marked pleocytosis and a positive Pandy response in the cerebrospinal fluid, although the monkeys remained well.
It seemed that many, although not all, of the difficulties encountered with the clinical use of streptokinase were due to its role as an activator rendering its action entirely dependent upon the composition of the cerebrospinal fluid. 5.3 . rithm of the streptokinase concentration, (c) that where The precipitate was dissolved in 300 ml. of 0.15 M saline. the optimal" concentration of streptokinase (that proIf the 'material was to be freeze-dried 'the pH was ad-ducing maximum fibrinolytic activity) was used, the justed to 7.4, the final concentration of phosphate buffer plasmin activity was related to the cube root of the plasbeing 0.005 M; if the material was to be sterilized the minogen concentration, and (d) that when the cerebrofinal pH was 6.7 and the concentration' of phosphate spinal fluid pathways were obstructed in tuberculous buffer was 0.004 M.
meningitis, the antiplasmin content of the cerebrospinal Sterilization fluid might rise as high as 15 inhibitor units per ml.
These findings were interpreted as indicating that prepDifficulty was encountered in sterilizing the various arations of plasmin for intrathecal use should be actiplasminogen preparations, since adsorption of material vated with no more than 50 to 100 units streptokinase on to filter pads, and' blocking 'of filters was-frequently per ml., and should contain no more plasminogen than encountered. Filter aids (e.g., celite) were not helpful. was required to produce an enzyme activity of 20 to 25 Material, adjusted to pH 6.5 to 6.7 was centrifuged for plasmin units per ml. one hour at 5,000 rpm in an angle head centrifuge, and Plasminogen diluted to 100 to 150 units plasminogen then filtered through a Whatman No. 52 paper. The' per ml. and activated with 50 to 100 units streptokinase small Seitz filter (6 an.) was prepared as follows: 200 per ml., fulfilled these requirements. The activity of the ml. of 0.05 M phosphate buffer at pH 6.5, followed by various preparations used in this work ranged from 19 100 ml. of the preparation to be filtered were passed to 27 plasmin units per ml. Each ml. of solution then through the filter, and then discarded. Prepared in this contained 0.02 to 0.01 mg. protein N per ml.,-and since manner the filter would now pass 600 to 800 ml. of the clinical dose of the material was found to range from 4 to 15 ml., a single therapeutic injection contained 0.04 to 0.3 mg. protein N.
The streptokinase used also contained streptodornase, and this resulted in the plasmin solution containing 5.5 to 11 units streptodornase per ml. This amount of streptodornase is many times less than that found in our experience to be therapeutically effective, and its presence is not further considered.
RESULTS
Plasmin solutions maintained at 370C decay at a substantial rate. Figure 1 illustrates two decay curves typical of concentrations used therapeutically. Decay curves similar to those illustrated in Figure 1 were obtained when plasmin and cerebrospinal fluid were mixed and incubated at 370C. These data suggested that the duration of effective fibrinolytic activity in vivo was unlikely to exceed 2 Mode of plasmin administration and method of sampling Puncture of the subarachnoid space was made in the desired location, and the dose of plasmin, usually 4 to 8 ml., but on occasion as much as 15 ml., was diluted with cerebrospinal fluid in the syringe. The mixture was slowly injected. The syringe remained attached to the needle, and a further two withdrawals and reinjections were made to promote mixing. The needle remained in the subarachnoid space, and 15 minutes later, 5 ml. of cerebrospinal fluid was withdrawn for analysis using a fresh syringe.
The time of 15 minutes for sample withdrawal was selected firstly because previous work had shown that plasmin levels were usually highest at this time (13), and secondly because most patients became worried if a needle was left in the subarachnoid space for longer. Moreover, three experiments involving simultaneous ventricular and cisternal sampling had shown that at least with respect to these compartments the difference of plasmin concentrations at the time, was less than 30 per cent.
Correlation of predicted enzyme values and those
obtained by sampling Figure 3 shows the predicted and actual plasmin levels obtained by sampling after injection of plasmin in 18 patients suffering from tuberculous meningitis and with a free cerebrospinal circulation. There is a reasonable correlation between rise of enzyme concentration predicted from in vitro tests, and rise of enzyme activity found on sampling. The main interest of these figures is to show that consistent and high levels of fibrinolytic activity can be produced in the spinal theca. These findings differ markedly from those with streptokinase, where in vivo levels were under similar circumstances extremely low or altogether absent. Figure 4 shows the predicted and actual plasmin levels when plasmin was injected below a spinal block. Despite the high level of inhibitor invariably present, reasonable levels of fibrinolytic plasmin appeared to be high, but any untoward symptom was regarded as a reaction. It is possible that a number of the complaints that followed the administration of plasmin were not related to the toxic properties of the preparation itself, but to lysis of intrathecal exudate; indeed some of the reactions to plasmin resembled those seen following the intrathecal injection of tuberculin (18). No case of clinical jaundice was detected in this series, but further evidence as to the safety or danger of these preparations with regard to the transference of homologous serum jaundice is not available.
Illustrative case histories
Tubercle bacilli were isolated from the cerebrospinal fluid of all patients described in this section. In all cases the organisms were sensitive to streptomycin. In cases 3, 4, 5 and 6-the organisms were shown to be sensitive to isoniazid. All patients were treated with intramuscular and intrathecal streptomycin; cases 1, 2 and 7 received in addition 16 Gm. p-aminosalycilic acid daily; cases 4, 5 and 6 received either 10 mg. per Kg. or 200 mg. daily of isoniazid; whilst case 3 received both p-aminosalycilic acid and isoniazid. These case histories were selected to include all patients with severe reactions to plasmin, and also cases with histories where the suggestion of benefit to the patient from plasmin therapy appeared strong. Fifteen patients received plasmin treatment because of some degree of unsatisfactory response to conventional treatment. If case 1 is included, there were two deaths, whilst one patient (case 5) is disabled.
Case 1 (female, age 47), suffering from pulmonary tuberculosis and tuberculous meningitis, had responded poorly to a six months' course of treatment. A ventriculogram had revealed grossly dilated ventricles and an absence of subarachnoid air over the cortex. She was in deep coma, had developed pulmonary edema, and appeared to be in extremis. The first preparations of plasmin had just been made, and she was given a cisternal injection (100 units). Death occurred 30 minutes later.
Post mortem examination revealed extensive pulmonary tuberculosis, advanced signs of chronic tuberculous meningitis with a subtentorial block, and gross hydrocephalus. There was no indication of a misplaced cisternal injection. It is probable that her death was coincidental, especially as the same batch of material was later successfully used in other patients. Case 2 (female, age 15). Admitted in February, 1952 when she was presented as an ill girl with a high fever, mental confusion, head retraction and a marked Kernig sign Both fundi showed early papilledema with numerous choroidal tubercles. Coarse rates were heard throughout the chest and the chest X-ray revealed gross miliary shadowing.
By mid-April her condition had improved, but at this time she developed a spinal block. Two injections of plasmin (300 units) were given below the block, after which the block resolved. This relief was only temporary, and ten days later the cisternal pressure rose to 300 mm.+, the spinal block reappeared, she lapsed into deep coma and gross papilledema in both fundi. A ventriculogram revealed generalized ventricular dilatation and an absence' of air over the cortex. Simultaneous ventricular and cisternal puncture revealed that the ventricles communicated freely with the cisterna magna. The diagnosis 'of subtentorial block appeared to -be certain.
Four injections of plasmin (200 units each) during
the next eight days via the ventricular route produced a dramatic change in her clinical condition. The gross papilledema disappeared, she recovered from coma, and became rational, mentally alert, and cheerful. There was a gradual disappearance* of pyrexia, though the spinal fluid block persisted.
Three weeks after the last plasmin injection her temperature suddenly rose to 104, she developed tachycardia of 200, and died 24 hours later.
Post mortem examination revealed extensive miliary tuberculosis, which had apparently responded little to treatment. Numerous vascular lesions due to tuberculous arteritis were found in the brain stem and upper cervical cord, and these lesions were probably the cause of her death. Careful examination of the tentorial opening showed that although it was partly occluded by exudate, there was adequate and free communication above and below the membrane. The ventricular system was of normal dimensions. Case 3 (female, age 30). Admitted in August, 1952 when her clinical condition was grave; she was drowsy, irrational and showed marked signs of meningeal irritation. A left external rectus palsy was present, but the fundi were normal. A chest X-ray revealed the classical "snow storm" appearance of gross miliary tuberculosis and numerous scattered coarse rales were audible on physical examination.
Her response to treatment was slow, but at the end of one month she was rational, the external rectus palsy had disappeared, and rales were no longer heard over the chest. She continued to improve during the next three weeks, but at the end of September, 1952 she developed a spinal fluid block. Early in October she developed papilledema, and became comatose, whilst the cisternal pressure, which had previously averaged 150 mm., suddenly rose, and consistently exceeded 300 mm.
Burr holes were drilled, and one week later during which time her condition had further deteriorated and she had developed gross papilledema, a ventriculogram was performed. The ventriculogram revealed some degree of generalized ventricular dilatation, and an absence of air over the cortex. Simultaneous cisternal and ventricular punctures demonstrated free communication between the ventricles and the cisterna magna, which confirmed the diagnosis of subtentorial block.
She was treated with eight injections of plasmin over the next three weeks; 200 to 300 units were given upon each occasion by the ventricular route. Following the second injection and subsequently there was rapid clinical improvement. At the end of the course she was fully conscious and rational, and the ventricular pressure averaged 150 mm. A ventriculogram demonstrated the ventricles to be of normal size, whilst air was seen over the cortex. The papilledema had greatly decreased, though the disc margins were still abnormal.
During November, 1952 three injections of plasmin were given by the lumbar route with the intention of resolving the spinal fluid block. Each injection was followed by increasing pyrexia and systemic upset. It was thought that the initial course of injections had sensitized her to streptokinase, a conclusion supported by the fact that she tolerated an intrathecal injection of plasminogen without disturbance. She was discharged from the hospital in April 1953, and has since remained well, though her spinal fluid block has persisted. Case 4 (female, age 30). Admitted in April, 1953. Her general condition was good. Examination revealed a left external rectus palsy and signs, of meningeal irritation. The chest X-ray showed small, apparently inactive adult type tuberculous foci at both apices.
A week after admission she developed a left superior oblique palsy, and papilledema appeared. The cerebrospinal fluid pressure remained low, but she became irrational and drowsy, and began to vomit frequently. A tentative diagnosis of basal cistern block was made.
Six weeks after admission all signs had progressed and she was gravely ill and had lost much weight. Her cerebrospinal fluid pressure was still low, and the diagnosis of basal cistern block was now felt to be very likely. Plasmin (100 units) was administered by the cisternal route, shortly after which she complained of severe pain in the neck and vomited copiously. The next day the superior oblique palsy had disappeared.
Two days later 200 units of plasmin were given by the cisternal route without upset. Three days later 200 units were administered. This injection was followed one hour later by marked dizziness, copious vomiting and a temperature of 102'F. She recovered in about eight hours and 24 hours later the left external rectus palsy had disappeared. Twelve days after the start of plasmin therapy her general condition was much improved, she was rational, eating well, vomiting had ceased, and the papilledema had practically disappeared, though she still complained of diplopia upon looking to the left. Her cisternal fluid protein dropped from a level of 300 mg. per cent to 150 mg. per cent during the period of therapy.
Her clinical progress has since been excellent, she has recovered her pre-treatment weight, and binocular vision has slowly been achieved. She was discharged from hospital during November, 1953. Case 5 (female, age 35). This patient, a gravely ill woman, suffered also from advanced renal and, vesical tuberculosis, when she was admitted during December, 1952.
One week after admission papilledema appeared followed by paralysis of the left lateral rectus and left inferior oblique muscles. Despitei a low cerebrospinal fluid pressure, the papilledema increased rapidly, becoming gross at the end of four weeks. At this time the cerebrospinal fluid pressure suddenly rose to over 300 mm., the patient's condition worsened, and she began to vomit frequently. The diagnosis of basal cistern block complicated by a recent subtentorial block was thought to be likely, but owing to technical difficulties, satisfactory air injection studies were not completed. However, test of phenolsulphophenolthalein eiccretion from the ventricles was decreased, only 23 per cent of the total dose being excreted in two hours.
On the thirteenth of January, 1953, she was given 400 units of plasmin by the lumbar-route without incident, and on the next day she seemed better. On the sixteenth of January, 400 units of plasmin were given by the. ventricular route. During the injection she experienced a transient convulsion, the pupils became dilated and the right arm twitched. She recovered after three minutes but vomited later. On January nineteenth, the inferior oblique palsy had disappeared, and an additional 200 units of plasmin were given by the lumbar route without incident. On the twenty-sixth her general condition was greatly improved, and the papilledema had regressed to a marked degree. By the twenty-third of February the optic fundi were nearly normal, the cerebrospinal fluid pressure was 200 mm., and the left rectus palsy had disappeared so that binocular vision was possible. By midFebruary she was rational, and the urinary excretion rate of phenolsulphophenolthalein injected into the ventricles had returned to normal.
In April symptoms and signs of optic atrophy were found, and by the end of June visual acuity was reduced to finger counting at one yard. Since this time her vision has improved, but the loss of visual acuity is still severe.
By July her cerebrospinal fluid was within normal limits and has remained so. The renal and vesical tuberculosis, however, progressed and she has since had her ureters transplanted into a blind ileostomy because of a contracted bladder.
Case 6 (female, age 18). Admitted during February, 1953. Her general clinical condition was good, though early papilledema was present.
In April the papilledema, which had been slowly increasing in degree, had become gross, and her condition commenced to deteriorate, although the cerebrospinal fluid pressure remained low. A diagnosis of basal cistern block appeared probable. She had also complained of severe pain in the legs, which had been attributed to involvement of the posterior roots by exudate.
Two hundred and twenty units of plasmin were given by the lumbar route-without discomfort. Four hours later she complained of severe aching in the chest, examination showed her to be tender over the thoracic spines, and light percussion over these spine's intensified the chest pain. She was given analgesics and the pain disappeared. Three days later the papilledema had decreased, and her general condition had' improved. An injection of 110 units of plasmin was given by the lumbar route. Symptoms similar to those experienced earlier developed after three hours, but this time the intensity of the pain was greater. The next day lumbar puncture revealed a Froin syndrome in the cerebrospinal fluid and a negative Queckenstett response, but 24 hours later these anomalies were absent, and the lumbar cerebrospinal fluid protein was 600 mg. per cent, which was the same as before plasmin therapy.
One further injection of 150 units plasmin was given, but upon this occasion the injection was tolerated well. During the fortnight's treatment with plasmin the'papilledema decreased greatly (from 4 plus to 1 plus). The pains in the legs were entirely relieved following the third plasmin injection. Her clinical condition was greatly improved, and her subsequent progress was satisfactory. There was no impairment of visual acuity.
She was discharged from hospital in October, 1953.
Case 7 (female, age 23). Three months' treatment had produced a substantial improvement in this patient's condition. She had complained, for three weeks, of severe pains in the legs, for which no cause could be found, and which was controlled only by large doses of analgesics. It was thought that-the lumbar sensory roots were su'rrounded. by exudate.
Two minutes after a lumbar injection of 200 units of plasmin, she became dizzy, shouted that she was dying, sweated profusely, developed a flushed skin, and her pulse rate rose from 70 to 160. An injection of sodium phenobarbitone produced rapid relief, and 30 minutes later she was apparently well.
This particular batch of material had been buffered with 0.005 M. citrate buffer. *The use of citrate buffer was stopped, since temporary depression of the ionized calcium in the cerebrospinal fluid could have been responsible for her symptoms. This patient later tolerated two injections of plasmin buffered with 0.005 M phosphate without complaint. The pains in the legs disappeared after the second injection; She has since been discharged from hospital and remains well.
DISCUSSION
The findings reported here show that high levels of fibrinolytic activity can be safely produced intrathecally by the injection of plasmin. Further, it is possible to produce reasonable levels of fibrinolytic activity with plasmin even when the cerebrospinal fluid shows a Froin syndrome, a condition previously shown to be a bar to the production of fibrinolytic activity by injections of streptokinase (13).
The purpose of the clinical investigation was to 'determine whether plasmin would lyse tuberculous exudate in vivo. Subtentorial and basal cistern blocks were selected as suitable test lesions since both are known to be caused by exudate formation, the presence or absence of either complication can be diagnosed during life, and the usual outcome of the untreated lesion is unfavorable.
The case histories indicate that the levels of plasmin, which can be attained by intrathecal injection, are capable of lysing exudate in vivo. Cases 2 and 3 showed regression of hydrocephalus under treatment, an extremely rare occurrence. Lorber (19) , who cites the literature fully, believes that hydrocephalus either remains stationary or progresses, despite the clinical improvement that sometimes occurs. He-oberved only one patient in whom there was evidence that the degree of hydrocephalus regressed. The diagnosis of basal cistern block during life is difficult, but the evidence points strongly toward this diagnosis in cases 4, 5 and 6. All made an apparently striking improvement on plasmin, though case 5 eventually developed optic atrophy.
The treatment of spinal fluid block was regarded as a secondary aim, since initially, the dangers of this condition to the patient were not fully appreciated. Poor results were obtained when treating spinal fluid block with plasmin. Ten attempts (i.e., single injections) to lyse spinal blocks in three patients were made with two temporary successes. The reasons for this difficulty are readily appreciated from post mortem study, since the surface available for enzyme action is extremely small, compared to the total volume of the block.
Plasmin having been shown to be effective in vivo, the basis and timing of treatment required examination. Subtentorial 2. Eighty-three injections of pla-smin were administered to' 15 patients suffering from tuberculous meningitis. The incidence of systemic reaction was apparently high, but the degree of meningeal reaction, as judged by changes in the composition of the cerebrospinal fluid, was not great.
3. The injection of plasmin gave rise to high levels of intrathecal fibrinolytic activity in patients suffering from tuberculous menihigitis. This finding contrasted sharply with the results obtained following the injection of streptokinase.
4. Patients suffering from subtentorial and basal cistern block were treated with plasmin to determine whether tuberculous exudate would undergo lysis in vivo. The results indicated that exudate had undergone lysis in Vivo.
5. The clinical results obtained suggested that the use of'plasmin as a therapeutic agent should b)e further investigated.
